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Analysis of the promoter of the cytochrome P-450 2B2 
gene in the rat
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A bout 3 kb o f the p rom oter region of the gene encoding cytochrom e P-450 2B2 (CYP2B2) in  the 
ra t were sequenced and  searched for potential cis-acting elem ents. A part from  putative b inding  
sites for (liver-specific) p ro tein  factors, a region showing hom ology with the LINE 1 retrotrans- 
poson elem ent was also found. T hree proxim al p rom oter fragm ents, encom passing nucleotides 
-5 7 9  to -372 , -3 7 2  to -211, and  -211 to + 1, respectively, were shown to contain  b ind ing  sites 
for m ultip le p ro tein  factors by bandshift analyses. The strongest protein-binding elem ent, desig
nated  BRE (basic regulatory elem ent), occurs between -1 0 3  to - 66. Its structure is very sim ilar 
to a negative control elem ent in  the m urine cmyc prom oter and  displays a com posite feature hav
ing a tandem ly repeated  sequence hom ology with the BTE (basic transcrip tion  elem ent; Yanagida 
et al., 1990) separated  by a CCAAA-box. The use of a deletion series of this tem plate in  in vitro 
transcrip tion  assays, provided evidence tha t the BRE serves as a m ajor cis-acting elem ent in the 
(regulated) transcrip tion  activation o f the CYP2B2 gene.

The cytochrom e P-450 enzyme family com 
prises m ore than 60 isoenzymes, occurring 
mainly in the endoplasm atic reticulum  of liver 

cells, which are involved in the oxidative m etab
olism of endogenous as well as exogenous sub
strates (see for reviews Gonzalez and Nebert, 
1990; N ebert et al., 1989; Okey, 1990; Ryan and 
Wayne, 1990). These proteins serve predom i
nantly as detoxifying enzymes, b u t they can, in 
some cases, also convert certain  substrates to 
very toxic interm ediates.

Synthesis o f most isoenzymes occurs at de
tectable am ounts only after exposure o f the o r
ganism to inducing com pounds. In many cases 
these substances themselves are substrates for 
the enzymes. Cytochrom e P-450c (1A1) activity, 
for instance, is effectively induced by some ar
omatic carbohydrates like 3-methylcholanthrene 
(3MC) and tetrachlorodibenzo-p-dioxin (TCDD;

Kawajiri et al., 1984; Thom as et al., 1983). 
CytP450b (2B1) and the related P450e (2B2) are 
induced by phenobarbital (PB) and some poly
chlorinated biphenyls (PCB; Scholte et al., 1985; 
Vlasuk et al., 1982; Waxman and Walsh, 1982; 
recently reviewed by Waxman and Azaroff,
1992). CytP450b and e belong to the CYP2B 
subfamily consisting of at least 10 m em bers 
(Ryan and Wayne, 1990). Induction causes an 
approxim ately 40-fold rise in the respective cel
lu lar enzyme concentrations (Phillips et al., 
1983a,b). For CYP1A1 and 2B1 and 2, this ele
vated gene expression is accom plished by en 
hanced transcrip tion  (Hardwick et al., 1983; 
Kawajiri et al., 1984; Phillips et al., 1983b).

Transcription activation of the CYP1A1 gene 
is highly stimulated by a receptor protein bound 
to the xenobiotic substance (3MC o r TCDD; 
Sogawa et al., 1986). This receptor-inducer com-
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plex interacts with a specific site (XRE) in the 
prom oter region of the respective genes, and 
acts synergistically with o ther trans-acting fac
tors in the form ation o f an efficient transcrip
tion in itiation  complex (Fujisawa-Sehara et al., 
1988; N ebert et al., 1984; Poland et al., 1980; 
Poland and Glover, 1976; Wen et al., 1990; W hit
lock and Galeazzi, 1984).

Most likely induction of the CYP2B1 and 2 
activity also occurs by specifically enhancing 
the transcrip tion  of the respective genes. Pre
viously, evidence has been obtained that PB can 
induce transcrip tion  o f these genes (Hardwick 
et al., 1983; Phillips et al., 1983b); in the present 
paper these findings are extended for the in
ducer 2,4,5,2',4', 5'-hexachlorobiphenyl (2,4,5- 
HCB). So far, no PB- or HCB-receptor could be 
identified. The genes for CYP2B1 and 2 are 
highly sim ilar with respect to their nucleotide 
sequence (Okey, 1990; Ram persaud and Walz, 
Jr., 1987a,b). The same holds for the correspond
ing prom oter regions up to -1 406  (Jaiswal et 
al., 1987). O n the o ther hand, the expression 
o f bo th  genes appeared  to display distinct de
velopm ental and tissue-specific patterns (Okey, 
1990). This paper deals with the functional ele
ments constituting the prom oter o f the ra t cy
tochrom e P-450 2B2 gene. We have identified 
the upstream  region between -1 0 3  and -6 6  
as a m ajor activating elem ent im plicated in the 
(regulated) transcrip tion  o f this gene.

Materials and methods 

Plasmid construction

A DNA fragm ent containing the cytochrom e 
P-450 2B2 prom oter sequence was isolated by 
screening a cosmid bank o f ra t genomic DNA 
using the CYP2B2 cDNA clone published p re 
viously (Scholte et al., 1985) as a probe. A 3.8 
kb Bgl Il-generated fragm ent from this cosmid 
clone, which contains the 5'-flanking region of 
the gene, was subcloned in pIC20R. The se
quence o f the 5' flanking region up to position 
-2919  was determ ined using the m ethod of 
Sanger et al. (1977). The constructs used in the 
in vitro transcription experim ents are based on 
the plasm id p(C2AT)[380], a generous gift from 
Dr. A. Monaci (Monaci et al., 1988). A synthetic 
oligonucleotide inserted in the EcoR V site im 
mediately upstream of the G-less cassette created 
a unique Sph I site, which m ade it possible to

fuse prom oter fragments with the G-less cassette 
at position + 1 , com parable to the in vivo situ
ation. The 5'-deletions of the CYP2B2 prom oter 
were generated e ither by BAL 31 digestion or 
by using unique restriction sites. Plasmid 
AdML50[180], used as a control, was a gener
ous gift from  Dr. A. Monaci (Monaci et al., 1988).
Analysis of RNA

Total RNA was isolated from the livers of con
trol rats as well as rats PB-treated for 2, 4, 8, 
12, and 24 hours, using the AGPC extraction 
procedure described by Chomszynski and Sac- 
chi (1987). Slot blot analysis was perform ed us
ing a 2.6 kb CYP2B2 cDNA fragm ent (Scholte 
et al., 1985) as a probe for CYP2B1 and 2B2 
mRNAs.

M apping of the transcrip tion  start sites was 
perform ed by an RNase A protection assay. 
Total liver RNA was isolated from  PB- and 
2,4,5 HCB-treated as well as control rats and 
subsequently hybridized to labeled antisense 
RNA. This riboprobe was based upon a genomic 
CYP2B2 DNA fragm ent encom passing the re 
gion from  -1 406  to +173. After RNase A treat
ment, the length of the protected fragm ent was 
analyzed on a denaturing polyacrylamide gel.
Preparation of rat liver nuclear extracts

Liver nuclear extracts from  three-m onth-old 
W istar rats were p repared  essentially as de
scribed by Gorski et al. (1986) and Graves et 
al. (1986). All experim ents were carried out at 
0° to 4°C. Usually 30 g o f m inced liver was sus
pended in hom ogenization buffer (10 mM 
HEPES-KOH [pH 7.6], 25 mM KC1,0.15 mM sper
mine, 0.5 mM sperm idine, 1 mM EDTA, 2 M 
sucrose, 10% glycerol) up  to a final volume of 
30 ml. It was then hom ogenized in the absence 
of air in a m odified Waring blender. The 
hom ogenate was diluted 3 times in hom ogeni
zation buffer, layered in 25 ml portions on 10 
ml cushions of the hom ogenization buffer, and 
centrifuged at 24,000 rpm  for 45 minutes at 0°C 
in a SW28 ro tor (100,000 x g; Ueno and G on
zalez, 1990).

This centrifugation step was repeated  after 
resuspending the com bined nuclear pellets in 
50 ml hom ogenization buffer, layered on two 
10 ml cushions o f the hom ogenization buffer. 
The pellets were washed twice with nuclear ly
sis buffer (10 mM HEPES-KOH [pH 7.6], 100 
mM KC1, 5 mM MgCl2, 0.1 mM EDTA, 1 mM
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DTT, 10% glycerol) and resuspended in 20 ml 
of nuclear lysis buffer, using an all-glass Dounce 
hom ogenizer (W heaton pestle B). An aliquot 
was diluted 50 times in 0.5% SDS, and the 
A260nm was measured. The nuclear suspension 
was diluted to approxim ately 10 A260nm units 
per ml and extracted essentially as described 
by Parker and Topol (1984). O ne-tenth volume 
of 4 M (NH4)2S04 (pH 7.9) was added directly, 
and the extract was gently shaken and left on 
ice for 30 minutes. The viscous lysate was then 
centrifuged at 45,000 rpm  for 90 m inutes in a 
50.2 Ti ro tor at 0°C to pellet the chrom atin 
(200,000 x g). Subsequently solid (NH4)2S04 
(0.3 g/ml) was added to the supernatan t and al
lowed to dissolve by gentle agitation. A fter an 
additional 30 m inutes on ice, the p recip itated  
proteins were pelleted at 26,000 rpm  in a SW28 
rotor at 0°C. The protein pellet was stored over
night on ice, and suspended in dialysis buffer 
(25 mM HEPES-KOH [pH 7.6], 40 mM KC1, 0.1 
mM EDTA, 1 mM DTT, 10% glycerol, and 0.5 
mM PMSF) at 1 ml/400 A26onm units o f nuclear 
lysate. The protein  extract was dialyzed against 
dialysis buffer. After dialysis the protein  extract 
was centrifuged for 5 m inutes in a m icrofuge 
to remove unsoluble material. The protein  con
centration usually am ounted to 4-8  mg/ml. The 
protein  extract was stored in aliquots u n d er liq
uid  nitrogen.
In vitro transcription assay

In vitro transcription reactions were carried out 
essentially as described by Gorski et al. (1986). 
The transcription reaction mixtures (20 nl) con
tained 60 ng/|d circular tem plate DNA and 
4 |ig/nl nuclear protein  extract in a buffer con
taining 25 mM HEPES-KOH (pH 7.6), 50 mM 
KC1, 6 mM MgCl2, 0.6 mM each of ATP and 
CTP, 35 nM UTP, 7 |xCi [a-32P]UTP (Amersham; 
3000 Ci/mmol), 0.1 mM 3'-0-Methyl GTP (Phar
macia), 12% glycerol, 1 nl RNAsin (~30 units; 
Promega). After 45 m inutes o f incubation at 
30 °C the reactions were term inated by the ad
d ition  of 20 nl stop mix (50 mM Tris.HCl [pH 
8.0], 50 mM EDTA, 1.2% SDS).

Proteins were removed by a proteinase K treat
m ent (10 |il o f 20 mg/ml proteinase K, 0.5 mg/ml 
tRNA) for 20 m inutes at 55°C. RNA was p re 
cip itated  by the addition of 350 gl 86% EtOH,
0.3M NH4AC. The RNA pellets were rinsed with 
80% EtOH and dried  for 5 m inutes in a speed 
vac. The dried  pellets were resuspended in

15 m!  RNA loading dye (10% glycerol, 0.1% 
xylene cyanol FF, 0.1 % brom ophenol blue, 6 M 
urea in TBE) and loaded on a 6% polyacryl
amide, 7 M urea sequencing gel. Autoradiography 
was carried  out at -8 0 °C  with intensifying 
screen.
In vitro protein-DNA binding assays

Binding assays were perform ed essentially as 
described by Monaci et al. (1988). Gel re ta rd a 
tion experim ents were carried out e ither with 
a labeled double-stranded oligonucleotide (5 
to 10 fmol) or with a suitable labeled DNA frag
m ent (10 to 20 fmol). The DNA was incubated 
with 5 to 20 ng of nuclear proteins in a buffer 
containing 25 mM HEPES-KOH (pH 7.6), 7.5% 
glycerol, 60 mM KC1, 4 mM sperm idine, 0.75 
mM DTT, 0.1 mM EDTA for 15 m inutes at room  
tem perature. After this incubation 2 nl o f 20% 
Ficoll, 0.1% xylene cyanol FF, 0.1% brom ophe
nol blue were added, and the samples were 
loaded onto a 5% polyacrylamide gel in 0.5 x 
TBE buffer and subjected to electrophoresis at 
10 V/cm for 2-3 hours at 4°C.

Results

Sequence of the rat CYP2B2 promoter region
Transcription o f the gene encoding CYP2B2 
(cytP450e) in the rat is induced upon treatm ent 
with PB (Hardwick et al., 1983) or 2,4,5-HCB 
(this laboratory, unpublished  results).

In order to investigate the transcriptional ac
tivation o f the CYP2B2 gene, a cosmid bank 
of ra t genomic DNA was screened using a p re 
viously described CYP2B2-cDNA (Scholte et al., 
1985) as a probe. A DNA fragm ent carrying the 
CYP2B2 gene including about 3 kb of its 
5'-flanking region was isolated and subcloned. 
The physical m ap o f this region is depicted in 
Figure IB. Sequence analysis o f 2919 bp u p 
stream of the transcriptional start site — see Fig
ure 1 A —showed, for the first 1406 bp, alm ost 
identity with the sequence previously reported  
by others (Jaiswal et al., 1987; Suwa et al, 1985). 
In Figure 1 the location of the transcriptional 
start site +1 is indicated; by RNase A-mapping 
(see Fig. 2A) it was found to be identical in liver 
cells o f both PB- and 2,4,5 HCB-treated animals.

A com puter-aided search revealed a region 
extending from  -  2440 to fu rther upstream  that
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A -2900 -2880 -2860 -2840 -2820
-2919 AGATCTTGATTTTCTGGTGTCTTTCGATATTCAGTGTTTGCn'TGGTGGGGGAATTGGGCTCAGATGATGCCATGTAGCCTTGGTTTCTGTTGCTTGGGTTCCTGTGCTTGCCTCTCGC -2801

-2780 -2760 -2740 -2720 -2700
-2800 TATCAGATTATCACTGTTGTTACTTTGTTCTGCTATTTCTGATAGTGGCTAGACTGTTCTATAAGCCTGTGTGACAGGAGTGCTGTAGACATGTTTTTCTGTTTTCTTTCAGCCAGTTAT -2681

-2660 -2640 -2620 -2600 -2580
-2680 jGGAACAGTGTGrTCllACTTTCAGTCATGTAGTTTTTCTTGTCTACAGGTCTTCAACTGTTCCTCTGGGCCTGTGTCCTGAGTCCACCTGGCAGGTGGCTTGGAGCAGAAAAGTTGGTCT -2561

GRE

-2540 -2520 -2500 -2480 -2460
-2560 TACCTGTGGTCCTGAGTCTCAAGTTTGGTGGTCGGCTGTTGCTGATGAGCTGTCCTCGAGGGCAGCAACCAGCAGGACCTGGGCTTCCCTTTCTGGGAGCCCCCATGCACCAGGGTCCCA -2441

-2321

-2300 -2280 -2260 -2240 -2220
-2320 TGGATCGTCGACACAACCTTCAAGAAGTCCACTTCAGTGACCTAGGCCGAAGGTCAGAAAACCATGGTGATTTCAGGCACAGACTCTGTACTTTTCCTGACClTTGCCACACTGCafcCAT -2201

NF-1

-2180 -2160 -2140 -2120 -2100
-2200 CAACTTGACTGACACCAGGACCTTGCTCCTGCCAGGCTGGGTGATCTGGCACTGAAGTCCAGCTCAGGGTTCCCAGTGGGAGACATGAGGTGCATTCCATGCAGACACTGATGCAGTCTT -2081

-1820 -1800 -1780 -1760 -1740
AGACCTTGTCTAAGACAAACAGATGAAGAGTCCAACCAATGCATTTAAAATGTTCGATGGT'iTGAAC J TATTTACTTCAGAAGTTGAGGCAAGTTGACCACAAGTTACAGGCCAGTCTGA

-1700 -1680 -1660 -1640 -1620
1720 GCTGTAAATGGAGACCTACAACAGATAGTTGAGTATGATATCACGAACCTGTAATTCTTACACTTGGGAGTTAGAGGCAGAAGGACCAGGAGTTCAAAGCTAACCTGTGATACAAAGCAA -1601

-1580 -1560 -1540 -1520 -1500
-1600 CTGAGAAGAAGCATTTATTTTTTC?TAGTTTCATTGCAGGGGAGGTATGACATTTGGGGCTTTGGTCTAGATGTGGAGCTTGTGGTTGTTTCTCTATATGCCAGATGGAACAAGGAGCAG -1481

-1460 -1 4 4 0 -1420 -1400 -1380
-14 80 CAAGAGCATATATGTTTATATCTAG1 GGATTTdTGACTCjtTTAGCTTCACTCCAAGAATCTCCTTCTTTCTTGCAAGCTTTTCCTCTAAGTCTCCTGCCACCCCCCACCCCAATAATATC -1361 

AP-1

-1 3 4 0 -1320 -1300 -1280 -1260
-1360 AGTTAjGGTACAAAGTGTTdAAACAlGAACTTCTGAGACAGATTTCACATTCAAATAGAACACATTATGAATAGATTAATGTTATCACTGTAGTdGTGGGcfGSrGAAGAATGTTCAATT -1241

GRE DRE I 1

-1220 -1200 -1180 -1160 -1140
-1240 c c t t t t a g c a a g a t g g I aggtcaaaga^ o t t cct g t g ct a t g a a c a a a t c a g a a g g a t g a a g g g a a c c a t t t g t c a t t a g a c a c a g t g t t c a g a g a c t a t c t t t g t t ^ g g t t c Mc t a t t t  -1121

ATI11 • H LF-A1

-1100 -1080 -1060 -1040 -1020
-1120 CTGTGATAAAACCTCACAGCAGAAAGCAACTTGGGGAAAAGGGTTTATTTTGCTTGCACTTTACAGTTTGTCAAACAAGGAAGTCAGGGCACGAAGACAAGGCAGGACCTGGAGGCAGGA -1001

Figure 1. Structure of the rat 
CYP2B2 prom oter region. In 
A the sequence of 2919 bp of 
the prom oter is shown. The lo
cation of putative protein fac
tor binding sites is indicated, 
as well as the region showing 
homology with the LINE 1 
element (discussed in the text). 
In B the physical map of the 5'- 
flanking region of the CYP2B2 
gene is given, ranging from the 
transcription initiation point 
(+1) to 2919 bp upstream. B = 
BamH I, Bg = Bgl II, H = 
H ind III, Hi = Hinc II, N 
= N col, P = P stI,S  = Sm al, 
Sp = Sph I, St = Stu I, X = 
Xba I, EV = EcoR V, Xo = Xho I. 
Fragments used as probes in 
bandshift analyses are boxed. 
The location of the sequence 
from -9 8  to -7 7  of the proxi
mal part of the CYP2B2 p ro 
m oter showing homology with 
a c-myc regulatory elem ent (see 
text) is indicated.

-980 -960 -940 -920 -900
-1000 CCTGATGCAGAGGCCATGGAGGGATGCTTCTCACTGACTTGCTCATTAGGGCTTCCTCAGCCTGATTTCTTACAGAACCCAAGACTTTCTTACAGAAGTCCACCTGTGGAATTTCCCACA -881

-860 -840 -8 2 0 -800 -780
GTGCGTGCTGCCCTCCCTCATGCAA7 CACTAATTAAGAAAATGCTCTTCAGGdTTGCGT^rAGTGTGATCTTATGGATCCATTTTCTCAATTCAAGTTCTCTCCTCTCAAATGACTCTAG

DRE I

-760 CTTGTATCATGTTGACACAAAAGTTAGACCCGGGGCCCCAACTTCTTCTCTGCCAGGTTTGAGCCTCTCTCTCCATTTGACTCCTGAGCCTCACTGCTCCTGAATCTCTTGCCT1

-620 -600 -580 -560 -540
-64 0 TCTTTTCCTCCCCATTCTCCCACCTCTGGCTATCA'iGGGCC/tGAGAGTGAAATGGGGACTCTGCAGAAATTGCATCTGTAGACTTTTCAAAGACAGGGACAGOAACCAACAGACGCAGAC -521 

LF- A l

-500 -480 -460 -440 -420
-520 AAGCACAGGATCATGGGATACTATTCTTGTCAACTCAAACATAATCACATGTACCCAGGACACAAAAAACATACAGAGAAGCCCCAATAATTTAAGATTATACATGTAAATATACCCTAG 401

-380 -360 -340 -320 -300
-4 00 ACATGCAAGAAAACACCACCCAGTGCATCTAGACTCAGACAAAGAAATTTACATCGGTACGTTTATATCAGAAATCATCTTTCACATAGGAAAAGCATATAGAACACGCACACACACACA -281

-260 -240 -220 -200 -180
-280 CACACACACACACACACACACACACAATCCCATGCCCTAGTAAGTAAACAGAGCTGACAAAACTGAGTTGACAAGTGCACACCCATTTACATAAAACAAGAGGCCTAAGTCCCAGTCCCC -161

-160 TTTTGTCCTCTGTATCTGTTTCGTGCTdTCCTTGCCAAatrCTATGCTGTGGCTAAGGGAA'jGAGGAGTGAATAGCCA / ft S p S lAGCCGTGAASATCTGAACTTGCATAACTGAGTCTA 
A lb  DE I I  * CW7C l " “  '  BTE

-2 0  1 20 
•40 GGGGCAGATTCAGCATAAAAGATCC1GCTGCAGAGCATGCACTGAAGTCTACCCTGGTTACACCAGG 27

-98 -77

displayed a strong homology with a so-called 
LINE 1 retrotransposon elem ent (Soares et al., 
1985). W hether the presence of this elem ent 
has any relevance for the transcrip tion  activity 
of the CYP2B2 gene in vivo, is as yet unknown. 
In addition, the presence of several putative 
pro tein  factor binding sites was elucidated, 
which may serve as cis-acting elements for tran 
scription (Fig. 1A). The most notable elements 
are two potential glucocorticoid-responsive ele
ments at -1341 (Jaiswal et al., 1990) and at

-2665, and two dioxin-responsive elements 
(Denison et al., 1988) at -821  and -1257, re 
spectively, both  types of motifs acting as reg
ulatory elements in the CYP1A1 prom oter. 
Moreover, several putative binding sites for 
liver-specific factors are present: e.g., for LF-A1 
(Hardon et al., 1988) at -1772, -1127, and -  599; 
for ATIII-H [Ochoa et al., 1989] at -1213; for 
HP-1 (Kugler et al., 1988) repeatedly over the 
entire prom oter region; for AP-1 at -1441; and 
for NF-1 (Cereghini et al., 1987; Lichtsteiner
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Figure 2. M apping of the CYP2B2 transcription start 
site and slot blot analysis o f CYP2B-mRNAs. A. RNase 
A protection assay of total liver RNA from 2,4,5 HCB- 
treated rats (lane 1), from control rats (lane 2), and from 
PB-treated rats (lane 3). The length of the RNase A p ro 
tected riboprobe fragment (see Materials and Methods) 
was estimated relative to size markers (M). Arrows corre
spond to the m apped transcription start sites. B. Total 
liver RNA from rats treated for different time periods 
with PB were used for slot blot hybridization with a 
CYP2B gene-specific probe. A rat ribosom al protein 
L12 gene-specific probe was used as a loading control 
(result not shown).

et al., 1989) at -2 2 0 5  and -121 (half site; also 
alb DE-II element).

Finally, in the region between -9 8  and -7 7  
a striking homology is present with a repressor 
elem ent located upstream  of the m urine c-myc 
gene (Corcoran et al., 1985; Remmers et al.,
1986). Part o f the latter elem ent also tu rned  out 
to share homology with a so-called basic tran 
scription elem ent (BTE) recently reported  to be 
functional in the CYP1 Al prom oter (Yanagida et 
al., 1990; see below). To establish the occurrence 
o f actual (in vitro) protein-binding sites in the 
proxim al part o f the CYP2B2 prom oter that 
m ight play a part in transcription activation 
in vivo, band shift analyses were perform ed.
The CYP2B 2 prom oter contains m ultiple  
in vitro protein-binding sites

For the band shift analyses we m ade use of liver 
nuclear extracts prepared from both PB-treated 
and control organisms (to be designated PB- and 
control extracts). For the former, at first the re 
quired  induction period  was determ ined. C on
sistent with previous reports (Hardwick et al., 
1983), our slot blot analysis (see Fig. 2B) dem on
strated that in control liver cytP450 2B (1 and 
2) mRNA levels are very low, whereas a strong
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induction can be observed after several hours 
of treatm ent with PB. Since, obviously, at 4 hours 
after PB addition the transcriptional activity 
is already high, we have chosen this induction 
period  for preparing  PB extracts.

For the analysis of in vitro protein-binding 
sites, the proxim al prom oter fragm ent of the 
CYP2B2 gene was divided into three parts: a 
Pst I-Xba I-generated fragm ent extending from 
-  579 to -  372, an Xba I-Hinc Il-generated frag
m ent from  -3 7 2  to -211, and a Hinc Il-Sph I- 
generated fragm ent from  -2 1 1  to + 1  (see 
Fig. IB). W ith all three fragments complex 
form ation occurred, as shown in Figure 3A-C.

Panel A shows the band shift assay with the 
m ost distal fragment. Control and PB-induced 
extracts indistinguishably gave rise to complex 
form ation, though with PB-induced extracts the 
complexes tended to be m ore intense. In both 
cases, increasing the am ount of added protein  
led to fu rther re tardation  of the probe frag
ment, which may indicate e ither that m ultiple 
protein-binding sites are occupied or that multi- 
m erization of the protein(s) occurs.

A sim ilar result was obtained with the frag
m ent encom passing the nucleotide sequence 
from  -3 7 2  to -211 (Fig. 3B). Both control and 
PB-induced extracts gave rise to two m ajor com 
plexes of different mobility and two m inor 
complexes, which may be due to the sim ultane
ous binding o f different protein  factors to the 
same DNA molecule.

The most proxim al DNA fragm ent, which 
contains the putative (modified) TAATA and 
CAAT boxes, characteristic of cytP450 genes 
(Okey, 1990), forms two m ajor complexes with 
both control and PB-induced extracts. Since this 
fragm ent contains the above-m entioned se
quence elem ent showing strong homology with 
the c-myc repressor element, we wished to ex
am ine w hether this sequence elem ent could be 
responsible for the observed retention. T here
fore, a synthetic oligomer encompassing the p ro
m oter sequences from  -1 0 4  to -7 1  was made 
(see also Fig. 5) and then used as a com petitor 
or probe in a band shift analysis. Indeed, the 
complexes form ed with this oligom er (Fig. 4) 
correspond to the prom inent complexes form ed 
with the proxim al prom oter fragment, since 
com petition occurred first with C2 and, using a 
higher excess of oligomer, also with Ci (Fig. 3C, 
lanes 3 and 5). Apparently, a large excess of oligo
m er is needed to com pete fully for binding of
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1 2 3 4 5

- <  slots

Figure 3. Bandshift analyses of the proximal part of 
the CYP2B2 promoter. Three different probes, viz. the 
DNA fragments comprising nucleotides -5 7 9  to -372  
(A), -372  to -211 (B), and -211 to + 1 (C) were incu
bated in the presence of liver nuclear ext acts from both 
PB-treated and control rats and analyzed for complex 
form ation. A. Left panel: increasing am ount of PB- 
induced extract; right panel: increasing am ount of con
trol extract. The positions at which free probe and com
plexes have migrated are indicated. B. Lane 1: free 
probe; lane 2: 2 pig PB-induced extract; lane 3: 2 ng con
trol extract. C. Lane 1: free probe; lanes 2 and 4: 5 jug 
PB-induced and control extract, respectively; lanes 3 
and 5: like lanes 2 and 4, but in the presence of a 
1000-fold excess of the c-myc oligomer.

factors to the proximal prom oter fragment. This 
finding suggests that the oligom er may not en 
com pass the entire or optim al protein-binding 
elem ent located in this prom oter region. Both 
control and PB-induced extracts gave rise to com
plex form ation with the oligom er (Fig. 4A). 
Again, increasing the am ount o f protein  added 
caused a shift o f the complex to a slower m o
bility. This phenom enon also occurred using 
partially  purified protein  factors (Fig. 4B), sug
gesting that m ultimerization of binding proteins

results in the progressively increasing re ta rd a
tion of the protein-DNA band in the gel.

A closer inspection of the prim ary structure 
o f the pertinen t proxim al prom oter elem ent 
indicated a tandem ly repeated  homology with 
the previously identified BTE, present in the 
p rom oter of several liver-specific genes (Yana- 
gida et al., 1990), as well as an homology with 
a sequence m otif identified by He and Fulco
(1991) in the prom oter of a barbiturate-inducible 
P450 gene from Bacillus megaterium. The com-
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% %*
% *

-<  free probe

Figure 4. Bandshift analysis of the -104  to -71  oligomer. A. Lanes 1, 3, 5, and 7: 1.2, 2, 3.5, and 10 [ig, respec
tively, of crude control extract; lanes 2, 4, 6, and 8: 1.2, 2, 3.5, and 10 ng, respectively of crude PB-induced extract. 
B. Crude nuclear PB-extract was chrom atographed on a superose 12HR column (Pharmacia; result not shown), 
and consecutive fractions were then used for a band shift analysis of the oligomer. Numbers 1-8 correspond to 
these consecutive fractions, of which 15 gl were used in a total assay volume of 30 gl; lane 9: crude PB-extract; 
lane 10: free probe.

parison of the respective sequences is shown 
in Figure 5. To fu rther establish the presum ed 
com posite character o f the CYP2B2 proxim al 
prom oter region, we decided to use short oligo
mers encom passing the two different hom ol
ogous sequences in a band shift analysis. The 
results, shown in Figure 6, clearly indicate (1) 
that both  oligomers contain a binding site for 
a protein  factor; and (2) that the complexes 
form ed using the oligonucleotide showing ho
mology with the c-myc repressor element (which 
was used for the experim ent presented in Fig
ure 4) are com peted by adding excess am ounts 
of bo th  short oligomers. Obviously, two equiv
alent binding sites, sharing the m otif RGNANG 
AGG, are present in this part o f the CYP2B2 
prom oter. T hat the protein-binding sites on 
both  short oligomers are identical was fu rther 
proven by the fact that m utual com petition oc
curred  (not shown). O n the basis of these anal
yses, it is also likely that the additional com 
plexes form ed using the extended oligom er 
(Fig. 4) are due to the binding of m ultiple p ro 

teins. Because low-mobility complexes were not 
found using the short oligomers — not even when 
high protein concentrations were used (Fig. 6) — 
the complexes showing a lower mobility than

-110 -100 -90 -80 -70 -60

C-myc element 

BTE elements 

B /negater i urn element

GGGTRRGjGGRRTGRGGRGTGRRTRGCCRRRGCRGGRGGCGTGRRC|R 
llllllllllllllllllllll llllll INI 

RRTTCGjGGRRTGRGGRGTGRRTRGCCRRRGCRGGRGGCGRT 
I I I I I I I I I I I II II I I II II

RGRRGGRGGCGTGGCC RGRRGGRGGCGTGGCC
I I I I I I I I I I I I I I I I I 
RTRGCCRRRGCRGGRGG

Figure 5. Com parison of sequence elements present in 
the proximal part of the CYP2B2 promoter. The n u 
cleotide sequence of the region from -110 to -6 0  is 
aligned with the sequence of the “c-myc repressor oligo
m er” (Remmers et al., 1986), containing nucleotides 
-1 0 4  to -71 , the BTE elements (Yanagida et al., 1990), 
and the elem ent displaying homology with a sequence 
in the prom oter of the B. m egaterium cytP450 gene (He 
and Fulco, 1991). Oligomers encompassing the indicated 
sequences were used for the band shift analyses 
presented in Figures 4 and 6. The composite sequence 
elem ent from -6 6  to -103  is designated BRE (basic 
regulatory element) — see text. The repeated protein fac
tor binding m otif RGNANGAGG is underlined.
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A 1 2 3 4 5 6 7 8 9 10 11 12

<  slots  

< C 3

< C 2

<C1

<  free probe

<  free probe

Figure 6. Band shift analysis of the CYP2B2-oligomers indicated in Figure 5. A. Increasing protein concentrations 
were used: 0, 2.5, 5, and 10 ng of crude control extract for lanes 1-4, 5-8, and 9-12. Lanes 1-4: using the -1 0 4  to -71  
(c-myc) oligomer as a probe; lanes 5-8: using the BTE-oligomer as a probe; and lanes 9-12: using the B. m egaterium 
oligomer as a probe. B. Com petition experiment: the -1 0 4  to -71  oligomer was used as a probe for a band shift 
analysis using 5 |ig of crude control extract (lane 1). Lanes 2, 3, and 4: com petition with 10, 20, and 50 x, respectively, 
m olar excess of BTE oligomer; lanes 5, 6, and 7: com petition with 10, 20, and 50x, respectively, molar excess of 
the B. m egaterium oligomer.

C2 (Fig. 4) may thus be due to interactions with 
other, as yet unidentified, factors.

In none of the band shift analyses perform ed 
so far we were able to detect qualitative differ
ences between control and PB-induced extracts. 
This m ight be due to the fact that presum ed 
PB-responsive elem ents are located elsewhere, 
or that interactions occurring in vivo u n d er in 
duction conditions escape this in vitro analysis.
Demarcation of functional sites in the proximal 
part of the CYP2B 2 promoter

To study the possible functional role of DNA 
elements in the proxim al part of the CYP2B2 
prom oter, we applied in vitro transcription us
ing rat liver nuclear extracts. To this end we 
m ade a series of constructs that contain differ
ent parts o f the prom oter sequence fused to 
a G-less cassette —see M aterials and M ethods 
(Monaci et al., 1988). Proper transcription of 
these tem plates leads to the form ation of a 
380-nt transcript. We m ade use of restriction 
sites to generate constructs -806 , -579, -372 , 
and -177. In addition, using BAL 31 treatm ent, 
5 ' deletions were carried out, starting from

the Hinc II site at -  211 up to position -  23. The 
adenovirus 2 m ajor late prom oter cloned in 
front of an 180 bp G-less cassette was used as 
an internal control. This prom oter is known to 
be active in most cell types (Monaci et al., 1988) 
and was shown to act efficiently in both  PB- 
induced and control extracts (see Fig. 7).

Analysis of the in vitro synthesized transcripts 
was perform ed on sequencing gels, the results 
o f which are presented in Figure 7. The in vitro 
transcription assays have been repeated  several 
times, using both  the same and independently  
prepared extracts, and are highly reproducible; 
Figure 7A shows the result o f a typical exper
iment. Different exposures of the au torad io
grams were subsequently scanned in order to 
quantitate the differences in signal intensity; 
the results of the densitom etric scans are shown 
in Figure 7B.

Using PB-induced extracts, deletion of the 
DNA region between -  806 and -  579 appeared 
to result in a twofold loss of transcription ac
tivity, which is, however, restored by a fu rther 
deletion down to -372 . This data may indicate 
the com binatorial action of positive as well as
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CONTROL PB INDUCED

Figure 7. In vitro transcription on CYP2B2 prom oter G-less templates. Deletion fragments of the CYP2B2 prom oter 
cloned in the G-less cassette vector (see Materials and Methods) were used as templates for in vitro transcription, 
both in control and PB-induced nuclear extracts. The adenom ajor late prom oter fused to a 180 bp G-less fragment 
was used as internal reference. A. Left panel: control extracts; right panel: PB-induced extracts. B. Graphical 
representations. The autoradiographs shown in A were scanned using an LKB UltroScan Densitometer.

negative cis-acting elements in this part of the 
CYP2B2 prom oter region. Deletions extending 
from -3 7 2  to -1 0 9  give rise to a gradual de
crease in the level of transcription, indicating 
that this DNA region contributes to the strength 
of the prom oter in vitro. A putative repressing 
element is present between nucleotides -9 8  and 
-90 , since transcription increases by removal 
of this element. Clearly, an essential positive 
cis-acting element is destroyed by extending the 
deletion downstream of -90 . A fivefold reduc
tion in in vitro transcription activity occurs as 
a consequence of deleting 15 bp between -9 0  
and -75 . The rem aining transcription activity 
is close to the low basal level exerted by a p ro 
m oter containing ju st the TATA-element: con
struct -4 0 . Apparently, the most im portant 
transcription-activating elem ent in the proxi
mal part of the CYP2B2 prom oter is located 
directly upstream  of -75 .

Remarkably, extracts from control cells — 
which show no endogenous CYP2B2 gene 
expression —also display an in vitro transcrip
tion activity which is qualitatively quite similar 
to that obtained with PB-induced extracts. In

general, however, the relative levels are lower 
com pared to those obtained using PB-induced 
extracts (see Fig. 7).

Discussion

Expression of the CYP2B2 gene in rat liver is 
transcriptionally induced upon exposure of the 
organism to drugs like phenobarbital (PB) and 
certain PCB’s. In this paper we propose a model 
in which a proximal prom oter element, encom 
passing nucleotides -1 0 3  to - 66, plays an im 
portan t part in this control process. This ele
m ent is therefore designated BRE, for basic 
regulatory element.

Several lines of evidence support this model. 
First of all, the pertinent nucleotide elem ent 
shows a com posite structure consisting of two 
tandem ly arranged homologous segments sep
arated by a CCAAA-box sequence (summarized 
in Fig. 5). The conserved sequence elem ent was 
first identified by us on the basis of homology 
with an upstream  repressor site present in the 
m urine c-myc prom oter (Corcoran et al., 1985; 
Remmers et al., 1986) and was later dem on
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strated to be part o f o ther liver-specific p ro 
m oters as well (Yanagida et al., 1990). Recently, 
H e and Fulco (1991) reported  that barbiturate- 
inducible P450-genes in the ra t and Bacillus 
megaterium share a common prom oter element. 
O n the basis of band-shift analysis, these authors 
suggested that this sequence elem ent could m e
diate the transcriptional induction by PB. This 
sequence is p a rt o f the BRE, described in this 
paper, viz. nucleotides -8 9  to -7 3  (see Fig. 5).

Band shift analysis o f the proxim al p a rt of 
the CYP2B2 prom oter revealed a m ajor com 
posite protein  binding site in the region up to 
-211 which appeared to coincide with the -1 0 4  
to -7 1  element. The results o f gel retardation  
experim ents using synthetic oligomers encom 
passing different sub-segments o f this elem ent 
(Fig. 6) strongly suggest tha t binding o f more 
than  one protein  to this sequence elem ent oc
curs. O n the basis o f sequence com parisons we 
propose that the sequence m otif RGNANGAGG 
represents the actual factor-binding site. This 
sequence is tandem ly repeated  in the prom oter 
elem ent from -1 0 4  to -  71, which could explain 
tha t we were unable to dem onstrate the involve
m ent o f specific nucleotides in the interaction 
with the factor by a m ethylation interference 
analysis using com plex C l shown in Figure 4 
(result not shown). A part from  the factors in ter
acting with the two equivalent protein-DNA 
binding sites, additional proteins are likely to 
bind to this part o f the CYP2B2 prom oter, since 
low-mobility complexes were found using the 
-1 0 4  to -7 1  oligom er (cf. Figs. 4 and 6). No 
qualitative differences between control and PB- 
induced extracts could be detected, however.

T he results o f our in vitro transcrip tion  ex
perim ents revealed the functional im portance 
o f the -9 0  to - 7 5  region for transcrip tion  ac
tivation o f the CYP2B2 gene. Deletion o f this 
elem ent leads to a fivefold loss in transcription 
activity in vitro (Fig. 7). Taken together, there
fore, the results support the hypothesis that the 
com plex sequence elem ent present between 
-1 0 3  and - 6 6  m ediates the transcrip tion  ac
tivation o f the CYP2B2 gene (BRE in Fig. 5).

U nlike the situation in vivo, where no tran 
scrip tion  o f CYP2B u n d er non-induced con
ditions can be detected (see Fig. 2), control ex
tracts appeared  unexpectedly active in vitro. 
As a m atter o f fact, PB-induced extracts dis
played only a slightly elevated CYP2B2 gene tran
scription as com pared with control extracts. We

favor the in terp reta tion  that this is due to the 
absence of the natural chrom atin structure in 
the pertinen t part o f the prom oter. The tran 
scriptional induction of the CYP2B2 gene may 
thus involve a derepression m echanism  which 
renders this prom oter region accessible for the 
assembly o f an active transcrip tion-in itia tion  
complex. Probably the required  trans acting 
protein  factors are present at non-induced 
conditions —as is also suggested by the failure 
to find differences in the band-shift assays — 
while some m odification may be responsible 
for the actual transcriptional induction.

O f course the experim ents described in this 
p ap er do not exclude the involvement in tran 
scription activation o f (PB-responsive) nucleo
tide elements located fu rther upstream . In vitro 
transcrip tion  assays are not suitable for iden 
tifying such elements. So far, however, functional 
analyses o f the CYP2B2 prom oter by transient 
expression assays are ham pered by the fact that 
isolated hepatocytes very rapidly lose the abil
ity to express this gene (see also Waxman and 
Azaroff, 1992).

W hen this m anuscript was ready to submit, 
we learned the results obtained by Upadhya et 
al., which are in agreem ent with ours (U pad
hya et al., 1992).
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